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I. Introduction
Recognizing our additional need for clean energy in 21 st century, electric energy generation through renewable sources (especially wind and solar) and nuclear gained quite a momentum over the recent years. For instance, as of November 2010, U.S. Nuclear Regulatory Commission has received 18 combined license applications for a total of 30 new reactors 2 . In terms of renewables, total non-hydro renewable energy generation (wind, solar, geothermal and biomass) in the U.S. increased by 16.6 percent in 2013, following a 12.6 percent increase in 2012. The fastest-growing component in 2013 was solar (thermal and photovoltaic) power with 108.5 percent increase. Wind energy generation increased 11.9 percent. Since 2004, generation from non-hydro renewables has almost tripled. In 2013, renewable energy generation made up 12.9 percent of total generation. The largest three contributors were hydro (6.6 percent), wind (4.1 percent), followed by biomass (1.5 percent). On the other hand, electrical energy production from fossil fuel sources coal has still the largest share of 38.9% which is followed by natural gas with a share of 27.7% 3 .
Growing the demand of electrical energy from sustainable sources requires a skilled workforce that is educated and trained to take the lead on main sub-tasks of generation, transmission & distribution and utilization. In addition, it has been projected that the current power industry will soon be facing a manpower crisis due to attrition within its "soon-to-be-retiring" workforce. In a survey conducted at 2011, The Center for Energy Workforce Development analysis indicates that 36% of skilled utility technician and engineering (excluding positions in nuclear) may need to be replaced due to potential retirement or attrition, with an additional 16% to be replaced by 2020 -almost 110,000 employees in positions identified as the most critical by industry 4 . The North American Electric Reliability Corporation (NERC) in its 2007 report has also identified the aging workforce as a growing challenge to future reliability of the electricity supply and NERC continues to support action and monitor industry progress 5 .
The Need for Power Engineering Education and Teaching Methodologies
The demands of the power industry for a skilled workforce in power engineering disciplines combined with a lack of educational programs that support the power industry suggest the immediate need for the development and teaching of courses in power engineering. In order to fill this gap in skilled workforce, Sergeyev and Alaraje recently described an industry-driven power curriculum in an electrical and computer engineering technology program. The primary outcome of their project was to educate a larger number of better qualified engineering technologist graduates with skills and knowledge that are current and relevant 6 . In another recent study, Karayaka and Adams provided their findings in a first implementation of a course designed within the context of power systems curriculum development efforts to bridge the gaps of regional workforce needs 7 . The paper primarily highlighted the effectiveness of student oriented project based learning. . In relationship to this effort, two recent studies were published by Lin, et al 10, 11 . The survey results among students in their first paper reveal that only 1/3 of the group indicated that they prepared as instructed before coming to lectures while 1/3 never did. In addition, it was observed that many students were not ready to meet the demands of self-directed study which is one of the core themes of flipped classroom approach. According to the most recent paper by Lin, et al. the students were instructed to know theories and content by watching online video modules before coming to the class, and solve problems with peers inside the classroom 11 . However, as mentioned in the same paper, "flipping lectures" has not been universally embraced due to the concerns about perceived limited contacts and interactions between instructors and students 12 .
Therefore, the study presented in this paper attempts a hybrid approach which flips lectures partially in such a way that to provide the basics of theories and content in the classroom as well as instructing students to watch online video modules ahead of face-to-face session. Interactive problem solving and Q & A still comprised a good part of the classroom activities.
The following sections describe the new curriculum developed to support the power industry (Section 2), teaching the Power Electronics course for the first and second year (Section 3), course assessment, results and findings (Section 4), and Conclusions (Section 5).
II. New Curriculum Supporting Power Industry
At (…) University, the engineering and engineering technology curricula have been currently developing to support the power industry in the region. Specifically, the electrical engineering curriculum was selected to comprise two common fundamental sustainable power engineering education courses. The courses that have been currently implemented in the curriculum and offered for the past two academic years are:
1. Electric Power Systems 2. Power Electronics
III. The Power Electronics Course
The Power Electronics course was designed to support the sustainable power engineering initiative. This course provides the basics of switch mode power electronics which are important Page 26.58.4
concepts for currently growing renewable energy, smart power grid and transportation electrification industries. This course is a standard three-credit-hour lecture course and is offered to senior level Electrical Engineering Students.
Student Enrollment Figures and Background
The department of engineering and technology with an undergraduate enrollment close to 600 students at (…) includes total of four majors of specialty as listed below: The first three majors are well established and ABET accredited majors serving the region for many years. The BSE program is a new program that was added in fall 2012 with ME specialization. In addition two other specializations are scheduled to be launched in fall 2015:
 Bachelor of Science in Engineering with an electric power engineering (BSE-EPE) specialization  Bachelor of Science in Engineering with a manufacturing engineering (BSE-MFE) specialization
The two courses already being developed and offered in BSEE program along with Electric Machines and Drives course (to be developed) are planned to form the core concentration courses for BSE-EPE specialization which is currently being developed. In addition to undergraduate programs discussed above, the department also has a graduate program which offers Master of Science in Technology (MST) major.
As mentioned earlier, Power Electronics is a senior level course and is currently offered to only EE majors in the program. Therefore, the course enrollment and assessment data in this paper only includes the EE major. Consequently, the student demographics data are solely presented for EE majors.
As of spring 2015, the enrollment numbers for all EE majors at Western Carolina University are on the average of 22 students for each level from freshman to senior. For the "Power Electronics" course, the total enrollment in the first year was eight and in the second year it was thirteen. The course in the discussed implementation was offered in the spring semesters of 2013 and 2014. Each week the class meetings were scheduled twice for total of three contact hours of lecture sessions. The enrollment statistics of the students in the class for two consecutive years are listed in Table 1 and Table 2 respectively. As can be seen in the table for year 1, total of seven senior undergraduate students and one graduate student who are all male and majoring in BSEE and MST participated in this course. In year 2, total of thirteen senior undergraduate students and one graduate student participated in this course. There were also four female (one of which was graduate) and nine male students in year 2 implementation. Page 26.58.5 
Teaching the Power Electronics Course with a Hybrid Flipped Classroom Approach
This course was designed to introduce switch mode power electronics principles with a partially flipped (or hybrid) classroom approach. Covered topics include analysis, design, and operation of power electronic circuits for motor drives and electric utility applications, power conversion from AC to DC, DC to DC, DC to AC. In addition, design and construction of power electronic circuits through simulations are studied. PSpice software is used for power electronics system analysis and design. Course Objectives/Student Learning Outcomes (or SLO) were designed to enable students to:
 Describe the role of Power Electronics as an enabling technology in various applications such as flexible production systems, energy conservation, renewable energy, transportation etc.  Identify a switching power-pole as the basic building block and to use Pulse Width Modulation to synthesize the desired output.  Design the switching power-pole using the available power semiconductor devices, their drive circuitry and driver ICs and heat sinks. You will be able to model these in PSpice.  Learn the basic concepts of operation of dc-dc converters in steady state in continuous and discontinuous modes and be able to analyze basic converter topologies.  Using the average model of the building block, quickly simulate the dynamic performance of dc-dc converters and compare them with their switching counterparts.  Design, using simulations, the interface between the power electronics equipment and single-phase and three-phase utility using diode rectifiers and analyze the total harmonic distortion.  Design the single-phase power factor correction (PFC) circuits to draw sinusoidal currents at unity power factor.  Learn basic magnetic concepts, analyze transformer-isolated switch-mode power supplies and design high-frequency inductors and transformers.  Learn the requirements imposed by electric drives (dc and ac) on converters and synthesize these converters using the building block approach.  Learn the role of Power Electronics in utility-related applications which are becoming extremely important.
Instructional methods and activities for instruction included both in-class and on-line lectures, homework assignments/solutions, in-class discussions, quizzes, tests and use of simulation software.
The Grading Policy was determined by students' performance in homework/simulation assignments, quizzes, midterm and final exams. The distribution of points was given in Table 3 as follows: In the first year implementation, although the students were made aware of pre-recorded on-line lectures through CUSP TM , a classical in-class lecture approach was primarily emphasized. Both quizzes that involve problem solving and exams were administered in class. However, concept quizzes were assigned on-line and the response was expected before coming to the class to prepare the students. Most of the lecture notes, questions used in the exams and the quizzes were extracted from the teaching materials provided by CUSP TM . The quizzes included one or two questions involving either concept understanding or problem solving. The tests had ten to fifteen questions with similar question format to quizzes. In addition, the exams had a PSpice problem testing student's simulation software usage and circuit analysis skills.
In the second year implementation, the students were instructed to watch the pre-recorded online lectures for each module before face-to-face lecture sessions. The in-class session for each module included:
1. Updated CUSP TM lecture materials to provide additional information. 2. Sample problems and interactive solutions. 3. PSpice simulation examples running on-site from the instructor's computer.
After the completion of each module, a short online concept quiz through Blackboard TM before the next course module and another short quiz testing problem solving skills at the start of next class session were administered to improve student participation. The number of quizzes was substantially larger in the second year's implementation. A total of twenty four such course modules were completed throughout the semester which was pretty similar to the first year's implementation. The number of homework and simulation assignments was slightly less in the second year. The original projected course schedule is given in Table 4 . The topics addressed and covered in the course in Table 3 along with associated module sequence are briefly described below.
1.
Introduction to Power Electronics Systems: Role, applications and requirements are introduced (Module 1).
2.
Basic Building Block -Switching Power-Poles: Types of converter structures, concept of pulse width modulation, switching power-pole circuit topology are presented. Power semiconductor devices, losses in switching power-poles and practical considerations in designing switching power poles are introduced (Modules 2-4).
3.
Non isolated DC-DC Converters: Operational principles of Buck, Boost and BuckBoost converter topologies and average models representing these topologies are introduced. Continuous and Discontinuous Conduction modes and associated models are studied (Modules 5-11).
4.
Design of Feedback Controllers: Topics of regulated switch-mode power supplies, linearization, generic control objectives (i.e. zero steady state error, fast response, low overshoot and low noise susceptibility), and phase and gain margin in Bode plots are covered. Voltage and current mode control principles as well as K-factor design approach are introduced (Modules 12-14).
5.
Diode Rectifiers: Concepts of power factor, displacement power factor, total harmonic distortion and associated IEEE-519 harmonic guideline are introduced. Single phase, three phase diode rectifiers and associated the non-linear characteristics are presented (Modules 15-16).
6.
Power Factor Correction: Power factor correction using single phase rectifier and boost converter topology are introduced. Controller design involving inner current loop control mechanism for current shaping as well as outer voltage loop control for output voltage regulation are studied (Modules 17-18).
7.
Magnetic Circuit Concepts: Ampere's circuital law, B-H curves, magnetic circuit losses (hysteresis and eddy current), flux/flux density, reluctance, inductance, Faraday's law and magnetic transformer topics are covered (Module 19).
8.
Isolated Switch-Mode DC Power Supplies: Flyback, forward, full-bridge, half-bridge and push-pull converter topologies and their operational principles are discussed (Modules 20-21). 9. In addition to the topics listed above, reviews before midterm and final exam were scheduled. In these reviews, interactive sessions that involve problem solving, concept understanding took place. The midterm exam was also scheduled during the regular course meeting session which is seventy five minutes.
Application of PE Devices in Motor Drives, Uninterruptible Power Supplies (UPS) and

IV. Course Assessment, Results and Findings
In the final class meeting, the students were asked to complete a survey regarding the course experience and its potential impact in their career. The survey results shown in black font represent the first year and the ones in red font represent the second year. As can be seen in Table 5 , there were 8 respondents in the first year and 13 respondents in the second year for each question. Each survey question had a choice varying from Strongly Agree to Not Applicable. In the analysis, each of these options was given a weight ranging from 5 (Strongly Agree) to 1 (Strongly Disagree). Not Applicable option didn't have a weight factor. Question by question analysis of results are detailed in the following paragraphs. 8. On-line and in-class quizzes before and after the lecture appropriately assessed and improved my understanding.
/ 13 4
9. I am interested in enrolling in future courses of similar subject matters.
/ 7 3 / 4 2
Question 1: It was determined that 100% of students for both first and second year agreed at some level that the course was useful in improving their overall knowledge and skills in electrical engineering applications. The common statistical analysis metrics yield the following. As can be seen in Table 6 , Year 2 implementation with higher mean and lower standard deviation definitely was perceived better by the students. This result can be attributed to the benefit of extensive assessment strategies (on-line and in-class) used in Year 2.
Question 2: When asked if mathematical relationships selected were appropriate and useful, 100% of the respondents again strongly agreed or somewhat agreed. The common statistical analysis metrics for this question yield the following. Year 2 implementation has higher mean, median and slightly lower standard deviation which are the indicators of better student perception. This result can be attributed to the benefit of Year 2's extensive in-class assessments where mathematical relationships were commonly introduced.
Question 3:
When asked if computational tool selected (PSpice) was appropriate, 100% of the respondents in Year 1 strongly agreed or somewhat agreed. This percentage dropped slightly to 92.3% for Year 2 students. However, the following analysis in Table 8 reveals mixed results.
Page 26.58.11 Year 2 implementation has better mean and median but larger standard deviation. PSpice simulations were part of homework assignments and in-class tests both Year 1 and Year 2 that required computer usage. The only difference in implementation was slightly reduced number of PSpice assignments in Year 2. Although it is difficult to attribute these results to the specific implementation, one can generally conclude that PSpice is an appropriate computational tool for the course.
Question 4:
In terms of promoting STEM majors through Power Electronics, both Year 1 and Year 2 students had the highest strongly agree percentage among all questions. The following analysis in Table 9 confirms this result. The Year 2 implementation was again perceived better by the students which is statistically proven by higher mean and lower standard deviation metrics. This result can be attributed to the benefit of extensive exposure to various assessments (on-line and in-class) used in Year 2.
Question 5:
The first year respondents showed definitely greater interest working in the electrical power related industry with a strongly agree percentage of 75%. Although the second year respondents had also reasonably well interest working in the industry, their overall average response score for both mean and median metrics was substantially lower as shown in Table 10 . The more challenging nature of Year 2 implementation might possibly be a contributing factor for this result. However, the standard deviation was pretty close for both years. It should be emphasized that this was a required course for all EE majors.
Question 6: Concerning quality of instruction, both Year 1 and Year 2 students had one of the largest strongly agree responses and one of the lowest standard deviations. The following analysis in Table 11 details this result. Page 26.58.12 This question yielded closest scores between the first and second year respondents. Although Year 2 implementation yielded slightly better statistics, the spread is not large enough to derive a conclusion. The same faculty member teaching the course for both years is likely to be a contributing factor.
Question 7:
Concerning the use of pre-recorded lectures, students provided the most diverse responses when comparing first and second year survey participants. As mentioned in section 3, only the second year implementation regularly required students to watch pre-recorded online lecture videos. Surprisingly, only about half of the class agreed on the benefit of the hybrid (or partially) flipped lecture approach. Although the first year respondents were only informed and not really instructed to watch these pre-recorded lectures, 100% of students agreed at some level on the benefit of the hybrid approach, which was much less emphasized and experienced in this year. The following statistics in Table 12 details these results. The mean and median for Year 1 are one of the lowest scores among all similar statistics for question 1 through 9, however the standard deviation is pretty moderate. For Year 2, all statistics are in the extremes. These statistics revealed that there is a delicate balance between prerecorded and in-class lecture combination that students like to see and regularly emphasized/instructed on-line lectures were not perceived well.
Question 8:
Concerning on-line and in-class quizzes during class time, the second year respondents unanimously strongly agreed to the benefit of this approach to improving their understanding of the course material. This was overall the best evaluation by the students. The number of quizzes in the first year was substantially less than that of the second year. The level of agreement on the benefit was still quite positive, but definitely lower than the second year. It should be emphasized that the instructor preparation and evaluation time for these quizzes was quite intense, especially in the second year. The statistics in Table 13 confirm these results. These results showed that emphasized hybrid on-line/in-class assessment approach was well received by the respondents as opposed to the results of question 7 where less emphasized hybrid on-line/in-class lecture approach was perceived well.
Question 9:
The first year respondents showed definitely greater interest in enrolling in future courses of similar subject matters. Although the second year respondents had also reasonably strong interest in enrolling in the future courses, their overall average response score for mean metric was lower as shown in Table 14 . The more challenging nature of Year 2 implementation is likely a contributing factor for this result. It should also be noted that the second year respondents were more diverse population as shown in Table 2 and a one-to-one comparison between these populations may not always be informative.
In general, the survey responses among first and second year respondents were somewhat close in most questions. The greatest separation between first and second year surveys occurred in questions 5, 7 and 8.
From the instructor's perspective, Year 2 implementation was definitely more costly in terms of time and effort for emphasized on-line/in-class lecture/assessment approaches. The survey definitely showed the effectiveness of hybrid assessment approach of Year 2 and hybrid lecture approach of Year 1.
Overall mean score for both years was in the range of 4.5. However, the first year had a slightly better score. The return investment for this course was verified when 71% of all students expressed an interest in working in the electrical power industry after graduation.
The average grade on all assignments for all students in the course was A-in the first year and B in the second year. The greater course load due to substantially increased amount of quizzes is likely to play a role in the lower average grade in the second year. The distribution of grades on all assignments followed a fairly normal distribution in both years. In general, students in both years excelled on the on-line concept quizzes.
V. Conclusions
In this paper, a hybrid flipped classroom approach to teaching Power Electronics for two consecutive years at Western Carolina University has been presented. The study analyzed lecture and quiz elements of instruction for online and/or face-to-face implementation. According to the survey results, the students in both years were motivated and greatly benefited from this hybrid approach. The survey results showed that: Page 26.58.14 1. In the first year in which a hybrid mix heavily emphasized the face-to-face component, students felt that the extra in-class lectures helped improve their understanding.
2. In the second year in which a hybrid mix heavily emphasized the online component, students felt that the increased number of online and in-class assessments really helped improve their understanding. Students felt that the extra online lectures did not significantly improve their understanding.
This study shows that combining online and face-to-face elements are important as suggested by DOE report 1 . However, the level of combination at the right amount is critical to improve student perception of learning. This course aims to address the emerging needs of our society at the same time when addressing the needs of students with diverse backgrounds and demographics. The assessment results show that the synchronized quizzes tied to specific course modules enhanced student comprehension.
As a next step, the course is projected to be offered with the combination of online and face-toface elements as suggested above. In addition, it is also planned to develop in-class laboratory demonstration activities for further understanding and analysis of the subject matter.
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